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Abstract
There is a principal and controversial debate on the so-called ‘Greening-
Regreening’ of the Sahel. There still is the old philosophy of an expanding/shrinking 
ecosystem Sahara versus Sahel. In some concepts, it is presented as annual. Another 
concept is based on a general degradation of the Sahelian savannas – in some cases 
with a decline to a lower state of ecological equilibrium after a short period of 
resilience. Anyhow, there are also signs of still ongoing regeneration processes of 
vegetation and soil. The main problem, however, lies in the principal lack of terres-
trial observation and in the confusion of terms. This mostly concern on vegetation 
units and their dynamics. The goal of this article is to explain the general nature of 
the Sahara and the Sahel based on maps and graphs. We try to analyse the dynamics 
of boundaries during the last 200 years. The main results are the tripartite nature 
of the Sahara, divided into semidesert, desert and Saharan savanna with relatively 
stable boundaries. A reconstruction of the vegetation for the last 200 years con-
firmed the position of these borderlines even under different states of the plant 
cover. It also revealed the nature of Sahelian savannas as cultural landscapes – in 
higher diversity and density. It is also possible that the North Sahelian savannas had 
been for long times under the dynamics of elephant landscapes. A high-resolution 
sediment and pollen record from the Middle Sahel of Niger evidenced the high 
diversity and resilience up to the severe drought of the 1970s. It was a definite stroke 
from which these savannas never reached again their former diversity despite a slide 
recovery named ‘Regreening’. The various projects for regeneration or conserva-
tion in Sahara or Sahel differ in two types of projects. The one is the installation of 
Nature Reserves/National Parks with special reserves for emblematic animals as 
keystone organisms and an auto-regeneration of vegetation and soil. The other type 
consists of pasture rotation projects such as in the Malian Gourma or in the Central 
Air Mts. The first initiative resulted in the decade-long protection against the severe 
degradations, which were typical for the surrounding regions. The rotation system 
was based on timewise open wells and of observed pasture status. It was conceived 
together with the local populations and has been respected until the invasion of 
northern cattle keepers during the peak of drought in 1984. After severe quarrels, 
the system collapsed and the savannas degraded heavily. A comparable project 
worked in the central Air Mts. for 5 years. Remarkable results have been, but the 
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rebellion of the 1990s, put a sudden end on it. The general insecurity of the last 
decades caused by civil war and/or various terrrorist groups led to a re-evaluation 
of a great number of regeneration initiatives including the pharaonic ‘Great Green 
Wall’, a continent wide forest belt. However, smaller projects on the village level 
may better develop as they are under the responsability of local population, which 
can reactivate their long experience. The ‘regreening’ might be restricted to the 
region of the southern Sahara and the northern Sahel as well as to the traditional 
park systems. Anyhow, even if a long-time amelioration of production systems will 
happen, the former must be regarded on the background of a rapidly increasing 
demography.
Keywords: Sahara, Sahel, vegetation, landscape types, present situation, historical 
development, stability of limits, cultural, landscapes, degradation, regeneration 
potential
1. Introduction
In the last years, a ‘Greening’ or ‘Regreening’ of the Sahel was a most disputed 
topic. It mutated to a general discussion of regeneration potential of the ecosystems 
and the possibilities to find production modes for the necessary food production. 
Moreover, conservation and nature protection were discussed and great projects 
were initiated [1–13].
On the other side, the general political insecurity of the last 15 years supressed 
fieldwork and made an end to several initiatives. Many of the conservation projects 
are now classified as ‘in suspense.’ This stands especially for the big National Natural 
Parks in the Sahara of Niger and Chad [14–16] and more or less for the ‘Great Green 
Wall’ too [17, 18].
Thus, the reasoning on degradation or regeneration is often based on pure 
remote sensing without the necessary ground check or field work. In addition, for 
the case of Sahara-Sahel-complex, there is still a deep confusion on the nature and 
dynamics of ecosystems and landscapes as well as on their definitions. Limits and 
boundaries seem to be free floating – sometimes on an annual scale.
On this background, we will characterise the main ecosystems – landscapes 
of Sahara-Sahel by a general vegetation map in order to avoid further confusions. 
This should also work as a base to interpret palaeorecords. Furtheron, we will try 
to reconstruct the landscape evolution during the last 200 years. Finally, we will 
discuss the chances of measures of regeneration and conservation.
2. The ‘bandoneon desert’. Concepts and nature of the Sahara
It is fascinating to see that the old concept of an extension of one large ecosystem 
on the cost of another – here the advancing/encroaching desert into the savannas 
is still taken as valid. The alarm of Stebbing [19] of an advancing desert in the 
Niger-Nigeria border region was rapidly disproved by a common French-English – 
Forester expedition [20]. More than half a century later, Tucker et al. [21] presented 
the model of an expanding and retracting Sahara, which he considered as desert for 
the whole in the scale of years. Their conclusions were based on interpreted vegeta-
tion changes with help of satellite images; however, without any differentiation 
between permanent and short-time plant cover. Another less meaningful approach 
was presented by Thomas and Nigaru [22], who claimed a 10% expansion of the 
Sahara/desert since 1920 both to the North and to the South. The authors based 
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their conclusion on changes in precipitation as they defined ecosystems/landscapes 
exclusively by mean annual precipitation.
Thus, we have to deal with a variety of methods and concepts in the analysis 
of landscapes/ecosystems in northern and western Africa. We take the term ‘land-
scape’ we take in a broad sense as a characteristic part of the earth’s surface, which 
is defined by various features such as vegetation, relief or the intensive human 
impact, which developed in time, and which is visibly different from neighbouring 
regions.
A. Field observation and subsequent definition of landscape – or vegetation 
types. This was the procedure at the beginning of the twentieth century in the 
aftermath of the colonisation with Chevalier [23] as an example.
B. The characterisation of recognised landscapes and definition of leading 
features of their vegetation or geomorphology.
C. A difference in the concept of consistent or transition zones. ‘Sahara’ as the 
transition from the Mediterranean to the ‘Sahel’ [24] or the ‘Sahel’ as transition 
from the ‘Sahara’ to the (real) savannas [25].
D. Reduction of landscapes/ecosystem (and climate too) to a single feature such 
as rainfall. It is the main cause of confusion on the dynamics of the large 
ecosystems in northern and western Africa [26].
E. A main problem is the emotional component in the term ‘desert’, which 
impedes often a neutral recognition. Mostly, the terms ‘Sahara’ and ‘desert’ are 
used as synonyms – see [24].
Thus, it is necessary to explain clearly the terms in order to avoid confusion and to 
define them from direct observation in the field – or at least from clear descriptions.
3. What are we talking about?
A vegetation map of northern and western Africa was established in order 
to explain clearly the large vegetation types and their repartition. It is based on 
direct observation during several expeditions (see the small included map) and on 
published vegetation maps [27]. It deals with the physiognomic units such as forest, 
shrub-land or grass-land and gives the main floristic components. There is no dif-
ferentiation between natural formation, near to nature formation or cultural units; 
however, their dynamics are shortly discussed. Here, we will concentrate on the 
South-Mediterranean steppe, on the Sahara and on the Sahel to give a background 
to the discussion about limits, their dynamics and their regeneration potential. 
Block diagrams and designs will support it. Thus, we will try to avoid the various 
confusions on terms such as ‘steppe or prairie’. The map is to document visible units 
and their limits and to work as a modern model when reconstructing the past. The 
question of limits might be regarded as an academic one. However, it is an assess-
ment of resource areas-mainly of pasture.
3.1 The southernmost formation of the Mediterranean realm is the ‘steppe’
The term ‘steppe’ is freely used in literature – comparable to the term ‘savanna’. 
For both the statement of Cole [28] is still valid: ‘Most discussed and least 
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understood’ (see Figure 1 nr. 10 and 2). Thus, ‘steppe’ is rarely referred to the origi-
nal definition as a tussock-grassland of the genus Stipa under continental winter 
cold conditions [29, 30]. In this area, it is mainly characterised by Stipa tenacissima 
and Lygeum spartium on fine-grained substrates such as loess. It stretches over the 
plateaus of the Atlas Mts., and it is severely exploited for pasture, agriculture or 
paper production.
Figure 1. 
Schematic presents vegetation map of northern and western Africa. Also shown are the national parks-
national reserves in the Sahara of Niger and Chad and the location of the planned ‘Great Green Wall’. From 
[27], modified and enlarged.
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To the North, the steppe interfingers with Mediterranean Rosmarinus-Juniperus 
formations and a clear limit is hardly visible. However, at the southern part of the 
Sahara-Atlas, it ends with the loess cover. But there is an outpost of steppe on the 
loess plateaus of the Dahar Mts. in southeast Tunisia.
This follows the basic ‘law of relative constancy’ [30]. It means that plants or ani-
mals change the type of their habitat in the border region of their main area in order to 
guarantee the basic needs of the respective organism. Finally, it fits well to the original 
definition as a grassland under continental and wintercold conditions (Figures 2, 3).
4. The landscape system of the Sahara
Descriptions and characterisations of the Sahara are manyfold, see [31, 32]. 
Mostly it is taken as the greatest desert on earth with an extension of about 2000 
× 5000 km. The area is structured by a system of wide basins and ridges often 
topped by mountains of more than 4000 m. Climatically, it is characterised by the 
Figure 2. 
Aspects of the steppe (cf. Figure 1, 10). (A) Block diagram of Djebel Chaambi in Central Tunisia. In the 
upper part, the southernmost stand of Quercus-forests, in the lower part the Juniperus-Rosmarinus-shrubs 
and on the plain the Stipa-Lygeum Artemisia-steppe. (B) Djebel Dahar, Southeast Tunisia. The southernmost 
outpost of steppe on the loess plateaus. (C) Aspects of the Stipa-Lygeum-steppe near Kasserine, Central 
Tunisia. Drawing Schulz.
Figure 3. 
Aspects of the semidesert. (A) Acacia-Rhantherium-stands in the Bou Hedma, southern Tunisia. (B) 
Rhantherium-semidesert South of Remada, southern Tunisia. (C) The southern limit of semi desert with 
Calligonum-Ephedra at 30°N, South of El Golea, Algeria. Drawing Schulz.
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interaction of the Westafrican monsoon and the tradewinds – see below. However, 
the most important feature is the general lack of water – a fact, which all living 
organisms have to cope with.
For a useful partition of the Saharan area, we need criteria, which are applicable to 
the whole area. Moreover, they must summarise the ecological effects of the respective 
region and in principle it must be visible and recognisable even in a reduced form, 
and it is not useful to choose volatile elements. In that way, the vegetation is the most 
appropriate way to characterise the whole region and to divide it in several parts. Thus, 
it has an indicator function. On a second level, the plant cover shall be described by its 
floristic content. In addition, the plant cover can be understood from detailed descrip-
tions – even by non-specialists. And we should not forget that vegetation is the most 
important resource for various organisms. In that way, we will describe and divide the 
Sahara in units, which are easy to recognise – also from ancient descriptions.
Sahara est. omnis divisa in partes tres.......
4.1 The semidesert
South of Atlas Mts. there is a double change in landscape. It is from grassland 
(steppe) to shrub land and from the Mediterranean realm to the Saharan one (see 
Figure 1, 11–15). Vegetation is still diffuse, but rarely exceeds 30% of soil cover, 
and the greater part of biomass is below the surface. Saharan floristic elements 
like Fagonia arabica, Rhantherium suaveolens, Gymnocarpus decander or Stipagrostis 
pungens on dunes dominate in the small- or dwarf shrub lands. It is the northern 
part of the Saharan landscapes – the semidesert.
The authors [33–37] claimed that the double stress by frost and drought impedes 
a tree development. However, the double strategy of life in the Sahara is already vis-
ible. Only a restricted number of organisms are equipped against drought and frost. 
On the other hand, there is the strategy of mass and accident. Aleatoric rainfall 
may activate the seed bank of herbs and grasses. These therophytes must fulfil their 
lifecycle in the short time of limited rainfall.
These accidental floras are an important resource for nomadic animal keeping.
Anyway, we must not forget that Acacia raddiana-stands still exist in southern 
Tunisia (Dj. Bou Hedma) or in southwestern Morocco. Perhaps, future records will 
convince us to rethink the dynamic of the northern Sahara [38–42].
The southern limit of semidesert is easy to recognise. Around 30°N (31° N in 
the East or along the Atlantic coast of Morocco), it changes from diffuse stands 
of Calligonum or Ephedra to another mode, (conracted or linear) of the Acacia-
Panicum-type. This characterises the change from semidesert to desert.
4.2 The desert
The desert is extremely difficult to define because of the emotional component of 
the term (see Figure 1, 16-19, Figures 4, 5). Here, we follow the definition of Monod 
[44]. He stressed the difference of diffuse modes of semidesert or savanna to the con-
tracted one – the desert. The desert is the region where permanent life is only possible 
in favourable places such as wadis (dry valleys) or depressions where groundwater 
and run off are available. Thus, permanent vegetation is contracted or linear.
It follows the oasis system, as few places, where the basic needs are guaranteed. 
There are several modes to cope with the scarce water resources such as the Acacia-
strategy. Aleatoric rainfalls may induce germination of the seeds – perhaps already 
prepared by the intestines of animals. After germination, all resources are mobilised 
to develop a tap root to reach ground water. In that case, the plant gets independent 
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from climate. However, there is the other strategy of life – that of achabs, already 
discussed in regard to the semidesert. The seed bank rapidly reacts on aleatoric 
rainfalls with a short time-flora. It may be the case once in 3 years or several times 
a year. There are also wild cereals as part of the achabs – an important resource for 
human food (see Figure 4C).
The contracted vegetation, mainly of the Acacia-Panicum- (tree-tussock grass) 
type, is typical for the wadis of mountain areas and their forelands (see Figure 1, 16, 
17). Large wadis in the forelands – especially in the Southwest of Adrar des Iforas 
and Air Mts. might touch for a short distance but they separate afterwards. In that 
way the impression of a diffuse plant cover may exist. It is perfectly demonstrated by 
Voss et al. [45, 46] for the western forelands of the Adrar des Iforas in northern Mali.
4.3 Altitudinal change
As in other regions, the plant cover changes with altitude in the Sahara 
(see Figure 1, 12, 22, Figures 5, 6). There is an altitudinal change of vegetation 
in the High Mts. of the Sahara (Figure 5). In the Ahaggar Mts/South Algeria, the 
characteristic Acacia-Panicum vegetation of the desert wadis changes from about 
2000 m into a diffuse Artemisia-shrub vegetation-a semidesert of a Mediterranean 
affiliation. In small gorges, some tree groups of Olea lapperinii or Pistacia atlantica 
exist. The Tibesti Mts. show similar features, however, on the highest peaks, some 
stands of Erica arborea survived (Figure 7). This is the Mediterranean type of 
altitudinal change [48].
The Air Mountains are different. Above 1800 m the contracted Acacia-Panicum-
plant cover changes to a diffuse Acacia-Commiphora-Rhus-savanna (savanna seen 
as a tree grass – vegetation under a tropical climate). Thus, it is a Sahelian type of 
altitudinal change. Figure 6 gives a general overview of the Air Mts. (A) with the 
locations of the change to High-Mts.-savannas and the upper catchment of the wadi 
Anou Mekkerene (Figure 8 see below, see also [49]).
Figure 4. 
Aspects of the desert. (A) Contracted vegetation in the Wadi Achelouma, northeastern Niger. (B) Achab in the 
Ténéré, northern Niger. (C) Wild cereal fields in the southwestern foreland of the Air Mts., N-Niger. From [27] 
modified.
Figure 5. 
The modes of altitudinal change in the Sahara. (A) From desert to semidesert (Ahaggar/Algeria and Tibesti/
Chad) (B) From desert to savannah (Air Mts./Niger). From [43], modified.
Vegetation - Natural and Cultivated Vegetation in a Changing World
8
4.4 The southern limit of the Sahara
In the southern forelands of the Air Mts. around 16°N/16°30′N, the aspect 
changes again in two steps. The first step is visible by a diffuse Maerua crassifolia-
Acacia ehrenbergiana-savanna on the fissured sandstone-plateaus of Tigidit and 
also Agadem-Homodji in Southeast Niger (see Figure 1, 21). These savannas 
depend on the cistern effects of the fissures, which collect and hold water from 
runoff and dew [27]. On the plains, however, one observes a densification of the 
tree lines and the transition into a savanna of the same elements within a short 
distance (see Figure 1, 20).
Figure 6. 
Vegetation of the Air Mts./Niger and the limits of the desert as an example for the southern Sahara. Also shown 
are Upper Wadi Anou Mekkerene (A, see also Figure 8) and the Air-Ténéré-National Park (B) with its 
Addax sanctuary (C). From [47], modified.
Figure 7. 
The southern limit of the desert and the Saharan savanna. (A) The passage from desert to (Saharan) savanna 
at the Tigidit escarpment, northern Niger. (B) The change from the linear desert vegetation to the savanna a 
the Belgaschifari well NE-Niger. (C) The general aspect of the Saharan Acacia-Panicum savanna. From [13], 
modified and complemented.
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Thus, there is the definite transition from the desert to savanna within the 
Saharan realm. Similar features are confirmed for northern Mauretania and Mali [50, 
51]. In northern Chad, this transition is modified by substrata [52]. Large inundation 
plains are quasi devoid of plants, which appear only on sand ridges. On the sandy 
plains at about 16°N, the change into a tree-tussock grass savannah occurs similarly as 
it is the case for Niger. Akthar-Schuster [53] reports a comparable transition belt for 
the northern Sudan too. This boundary is the most disputed limit between landscape 
zones, as it caused the misunderstanding of degradation-desertification, etc.
Finally, the Sahara is a tripartite landscape system, where the desert takes the 
greatest part but has its borders to the semidesert in the North and the savanna in 
the South. Thus, the main change in the landscape system, that of desert to savan-
nah, takes place within the Saharan realm.
…. quarum unam dominat semideserta, aliam deserta et tertiam savanna saharica.
4.5 The climatic implications
At this point of description, we should also deal with climatic conditions. In the 
aftermath of Dubief [54], the main boundaries are often paralleled to - or defined 
by mean annual precipitation. However, there are also dew, runoff and especially 
the access to groundwater which determines plants and vegetation. So, various 
components are summed up. Note, that two main systems interact: the summer 
rains of the monsoon and the Mediterranean winter rains and trade winds. We also 
have to consider the aleatoric rainfalls during the whole year derived from monsoon 
or cold airdrops from the North. They are responsible for achabs and the short time 
floras demonstrate their existence. The northern boundary of the Sahara is usually 
assigned to an annual precipitation of about 100 mm – mainly in winter. More to the 
Figure 8. 
Wadi Anou Mekkerene and the Agalak-Aroyane Mts. of the central Air Mts. The area of the Guide pasture 
reserve is indicated. The difference of the diffuse mountainous savannas and the linear desert vegetation is clearly 
visible as well as the densification of the alluvial vegetation following down the wadis. From [43], modified.
Vegetation - Natural and Cultivated Vegetation in a Changing World
10
centre of the Sahara mean values are fictional. Rainfall becomes aleatoric and acci-
dent is the main component in the ecosystem. The southern limit of the semidesert 
may be attributed to about 50 mm/y and the southern border of the desert within 
the Sahara is more or less parallel to 150 mm/y of summer rain. As mentioned 
above, both limits largely depend on the combination of rainfall, runoff, dew and 
storage of humidity in soil. Anyhow, these clear boundaries are among the few pure 
climatic ones. They are visible across the whole continent.
4.6 Life strategies
As mentioned above, there are two basic strategies to cope with the uncertain 
resources. These are the ‘achab-strategy,’ to answer with a mass of unprotected 
organisms to aleatoric resources – here rainfall. They fulfil their life cycle with 
these limited resources before returning back to the dormant state in the seeds. The 
‘Acacia-strategy’ includes the use of tap-and flat roots and vegetative/generative 
propagation. Useful rainfall is exploited by the germinating of seeds. The saplings 
grow in the first years below the surface and develop taproots until they reach a 
groundwater lens or horizon. Afterwards, they grow above the surface, develop 
lateral roots and are more or less independent from the actual climate.
4.7 Differences in concepts and analyses/interpretations
Different concepts may produce different interpretations. The vegetation map 
(Figure 1) differs in several points from the concepts of other colleagues especially 
in type and position of the southern boundary of the Sahara. We do not follow the 
interpretation given by Medail-Quezel [24] or White [55] for the North-extensions 
of the Sahel in the southwester forelands of the Adrar des Iforas (N-Mali) and of the 
Air Mts. (Niger) as well as for the southern half of the Air Mts. [56].
The forelands are not seen as part of the Sahel but as regions of enlarged wadis 
see [45, 46]. The Air Mts. are considered as Saharan desert-mountains with a 
Sahelian altitudinal change – as for example, the Ahaggar Mts. or the Tibesti, which 
do not belong to the Mediterranean out of their high altitude vegetation. White [54] 
takes the northernmost savannas as part of the Sahel. Another point is the statistical 
approach as shown by Linder et al. [57]. They define various borderlines of Sahel 
versus Sahara out of all zoological and floristic elements. Most of those boundaries 
reach several hundreds of km more to the North – into the region of plain desert. 
This represents the principal difference of field analysis and pure statistical analysis 
without any ground check. Another point is the difference and extension of the 
Sudan- and Guinea-zones. The concepts of the Kew and Toulouse schools [58, 59] 
differ at the Nigeria-Cameroon border. In that case, we follow the ‘Toulouse’ school.
5. The Sahel and its savannas
A few km to the South, the aspect of landscape changes again (see Figure 1, 
23-33, Figures 9, 10). The savanna remains but the floristic composition differs. 
Beside Acacia, Commiphora becomes characteristic and the annual grasses like 
Aristida mutabilisor Cenchrus biflorus are dominant. It is the definite change from 
the Sahara to the Sahel. Phytosociologically, it is defined by the transition from 
theAcacio-Panicion to the Acacio-Aristidion [47].
As Figures 9 and 10 demonstrate, the Sahelian savannas are intensively 
exploited. The northern ones are pasture areas, and millet growing dominates in the 
Acacia-Piliostigma savannas. These are cultural landscapes and they demonstrate 
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the variety of degradation. The southern Sahel is also a region of the old rooted 
agroforestry systems – the parks [60–62]. They are dual and integrated systems of 
animal (cattle) keeping and agriculture. The main feature is the two storey aspects 
of trees of a restricted species composition and only one or two generations. The 
Gao (Faidherbia)-parks, however, often show several generations of shrubs and 
trees. The intention of these parks is the production of vegetal or animal fat and 
agrarian products. They have been constituted by selection from a pre-existing 
vegetation (Vitellaria and Parkia-parks), by tolerance and assistance- as for the 
Faidherbia-parks – or by former defence plantation as it is the case of Borassus-parks 
[61]. Fire is still a part of the agricultural management.
Either it is a tool to clear land for new fields – few areas where fallow – either 
shifting cultivation is still practised or it is used for cleaning or sanitary purposes 
[63–66]. The Sahel is a savanna region and climatically it is influenced by tropical 
summer rains (monsoon) with a gradient from about 800 to 150/ 200 mm/y and 
with a rainy season of 3–5 months.
For long periods, the Sahel was only regarded as a transition zone to the real 
(Sudanian)-savannas [33, 50]. From the 1970s, this region was accepted as one of 
the consistent savannas [67] even widely transformed to cultural landscapes [68].
6. Lessons from the past. The last 200 years
Type and dynamic of landscape may often be read and understood from its 
history (see Figures 11–16). A series of more or less precise descriptions is on our 
Figure 9. 
Aspects of the Sahel. (A) The Sahelian savanna on the Tigidit plateau, Central Niger Acacia, Commiphora, 
Maerua and annual grasses. (B) Millet fields near Birni-n-Konni, southern Niger. (C) Animal keeping near 
Abalak, northern Niger. (D) Desertification. The overexploited area of Ader, near Koutous, central Niger. 
Drawing Schulz.
Figure 10. 
The aspects of agro-forestry. (A) Faidherbia albida-Park for animal keeping and agriculture in southern 
Niger. (B) Karité-Park (Vetiveria paradoxa) in northern Togo. Tree cultivation for fat and agriculture with 
the general employment of fire. (C) Ronier palm-Park (Borassus aethiopum), southern Niger, for various 
exploitations of the trees and agriculture. Former defence parks. Drawing Schulz.
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Figure 11. 
The history of the southern limit of the desert and the Sahara at the Tigidit plateau, northern Niger (from 
[69], modified).
Figure 12. 
The history of the southern limit of the desert and the Sahara at the Belgashifari well, NE Niger (from [69], 
modified).
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disposition centred on the traditional transsaharan trade routes from the 1820s on. 
For the present case, the historic ‘Borno-Road’ – Tripolis-Kukawa and its deviation via 
Ghadames-Rhat-Agadez – served as a perfect source of information. It was the most 
frequented caravan-route in the nineteenth and early twentieth century, whereas the 
Tombouctou-Fez (Morocco) road was already less used. From 1822 on, we have for 
every 30 years a report of the voyagers [20, 71–76] on the nature of the landscapes. As 
wells were crucial points for the caravans, they also served as reference points in all the 
reports. Vegetation has always been an important topic in their reports which relied on 
the vernacular names of plant species – in Arabic or in other languages. Thus, we have 
a suitable base to reconstruct the plant cover for the nineteenth and for the first half of 
the twentieth centuries as we can use the indicator values of the modern vegetation.
6.1  At first, we will present the landscape changes at the desert-savanna-
transition: at the reference points Tigidit cuesta and at the Belgashifari well 
(see above)
6.1.1 The Tigidit cuesta (16°25′N, 7°55′E)
As mentioned above, the contrast between the contracted mode of the Acacia-
Panicum-vegetation (desert) in the foreland of the cuesta and its diffuse mode 
(savanna) on its top is clearly visible (cf. Figure 17). The dots depict the extension 
of the Saharan savanna and the change to those of the Sahel. At 1937, the situation 
was similar but the belt of the Acacia-Panicum-savanna was smaller and the exten-
sion of the Sahelian Commiphora-savanna was greater [20]. In the middle of the 
nineteenth century, the situation was different. A large grass cover masked the main 
transition and the Saharan savanna was much more extended [13].
6.1.2 The transition at the Belgashifari well (16°2 N, 13°14′E)
In 1984, the change from contracted to diffuse (permanent) vegetation was 
as clear as at Tigidit (see above). However, the Saharan savanna was much more 
extended (see Figure 12). In 2014, the situation was comparable, but trees were 
much more scarce. It was in 1822, when Denham [71] gave the first of the historical 
descriptions: he reported the change from desert to savanna near its present posi-
tion. After a belt of a lush savanna, he described a clear change to a dense savanna.
Figure 13. 
Northern and western Africain the nineteenth century. Vegetation maps and a reconstruction of precipitation 
based on the reports of the early explorers [70]. The importance of the achabs is visible in the second half of the 
nineteenth century. Cartography Schulz.
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Thirty years later, Barth [72] saw again the desert-savanna-boundary in a 
similar position as at present; however, he noted a dense herb and grass cover and 
an important tree-vegetation in the dune depressions. Rohlfs [74] described a 
dense grass and herb cover that masked the main transition, and for the South of 
Belgashifari well, he noted a dense savanna with Sudanian trees in the dune valley. 
Nachtigal [73] confirmed this mosaic too. Thirty years later, Vischer [75] described 
a loose grass and herb cover with the desert boundary near the present position. 
Figure 14. 
The present situation and the historical development of the Guidimouni depression/SE-Niger (from [69], 
modified).
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However, the tree cover south of it was less dense than described by his predeces-
sors. In conclusion, we state that the main boundaries did not change their position 
very much, but during the 1860s, the plant cover was much more dense and diversi-
fied with a remarkable Sudanian tree vegetation reaching far to the North in the 
dune valleys.
Figure 16. 
The Guidimouni pollen record/ SE-Niger (from [69], modified).
Figure 15. 
The sediment structure of the Guidimouni record/Southeast Niger. It demonstrates the stability of the sediments 
by the formation of algea-layer sand also the steady presence offire asproved by the charred material (from 
[69], modified).
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6.2 Mapping the past
These reports made it possible to establish vegetation maps for the first and for the 
second half of the nineteenth century. The small maps give the expedition routes. It is 
clear that the information does not cover the whole area, and the interpretation is cer-
tainly limited. The maps rely on the written reports, and the descriptions for the cen-
tral part of the region were the most precise ones. For the southern parts of the visited 
regions, the descriptions are mostly based on trees, which were mentioned by their 
vernacular names. Due to several robberies or damages during the transport, most 
collected plants were lost. Finally, the bombing and burning of the Berlin Herbarium 
in the Second World War destroyed the last preserved plant specimens [77].
6.2.1 Climate history
Nicholson et al. [70] reconstructed the mean precipitation for the last two centu-
ries based on the landscape descriptions of early voyagers, early measurements and 
interpretations out of lake level- or sediment records. The diagram (Figure 13) is also 
marked for the expeditions of the early voyagers. The record depicts a long drought 
period from the beginning of the nineteenth century to about 1850 with a short 
humid spell around 1820. During the 1850s, some humid years occured followed by a 
series of dry years up to the 1870s. Afterwards, a humid period lasted with some inter-
ruptions until 1910. After another dry period up till 1920, the twentieth century, a 
long humid period occurred until the end of the 1960s. Suddenly, the climate changed 
to a long series of droughts, which only at the end of the 1980s seemed to diminish.
6.2.2 The vegetation
Mapping is based on the present vegetation map (Figure 1) and documents the 
differences, which could be read from the historical reports. The two maps show 
Figure 17. 
The strategies of life in the desert. (A) Achab. Development of therophytes after aleatoric rainfall and the 
formation of a root carpet. (B) Vegetative and generative strategy of Acacia. Deep and lateral roots with root 
suckers, seed germination and development of deep roots for groundwater. Drawing Schulz.
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similarities and differences. They correspond in their regular presence of trees in the 
northern semidesert and in the position of the southern boundary of the Sahara. The 
Sahel region was described for extended Acacia-thickets and forests in the northern 
part and Combretaceae-savannas in the South. The Sudanian region was similar to the 
present one; it was, however, denser. A further differentiation was not possible. But the 
presence of parks was regularly mentioned. The rain forests were much more extended 
and consequently the Guinean zone much more restricted – compared to the present 
situation. The most important information lies in the regular presence of achabs in the 
Sahara during the second half of the nineteenth century. We conceive quasi-permanent 
pastures by repeated rainfall in the Sahara up to 25°N. Certainly, this was the base of a 
strong nomad economy providing the base for their dominance over sedentary people.
All voyagers agreed on the rich and diverse game in Sahel and Sudan. They men-
tioned in particularthe large elephant populations. Together with the large exten-
sion of Acacia-forests-thickets, we have to think on elephant-landscapes [78–82]. 
Elephants are known as landscape engineers. They produce a twofold landscape. 
For the one they transform forests to medium high thickets by positive and negative 
selection of tree species and the elimination of high trees and for the other they 
also create new structures. They open the forests for their tracks giving chance to 
grasses, herbs or shrubs with a ruderal behaviour. In this way, they form thickets 
and provide dry and combustible material. So, elephants also create fire-prone 
landscapes too. Elephants are bound to water and they make or enlarge pools for 
drinking, bathing and also the uptake of minerals. As they are social animals with 
a long life period, they school their young generations to maintain and preserve 
these types of landscapes. The Acacia-thickets around lake Chad or in northern 
Cameroon give an – even poor – model of these former landscapes.
6.3  The landscape history of the Sahelian savannas during the last 100 years. 
Guidimouni – a key locality for the Sahelian savannas
In addition to the historical descriptions (see above), we also dispose on physi-
cal archives,which describe the landscape evolution during the last 100 years. They 
come from southeast Niger. The dune depression of Guidimouni in southeastern 
Niger has been described several times in the last 200 years [20, 72]. Moreover, it 
was possible to core the upper part of the lake sediments [76].
6.3.1 The physical situation of the Guidimound depression
A long interdune depression in SE-Niger (13°42′N/9°32′E) represents the 
situation of the Middle Sahalian savannas (see Figure 1). The region is part of that 
area, which was supposed to be endangered by an enchroaching desert [19]. The 
depression has two lakes which are fed by fresh water sources assuring a more or 
less permanent water body.
Figure 14 depicts the present situation of the depression and its recent history. 
The upper diagram shows the whole depression in its present situation. A degraded 
Middle-Sahelian savanna surrounds the lake, mainly consisting of Acacia- and 
Balanites-trees, Leptadenia-bushes and grasses. At present, it is still a regular habit 
to burn the reed in spring in order to have space for gardens and fields. In parallel, 
the Leptadenia-bushes on the dunes are cut and the branches afterwards burned 
(slash and burn) to prepare new fields after a fallow period of several years. Soils in 
this region belong to the arenosol-, regosol- or chambic-arenosol groups [83].
In 1848, Barth [72] described the Guidimouni depression as densely vegetated 
by grasses and herbs the dunes bearing an Acacia-Commiphora-Leptadenia-savanna. 
The depression itself had an Hyphaene-Phoenix-belt around the Typha-reeds. Also 
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some Adansionia trees were planted. A comparable picture was given in 1936 by 
Aubreville et al. [20]. However, the savannas on the dunes were not as dense as Barth 
described it but some Sudanian trees were still present, such as Daniellia sp.This situ-
ation was one of the strongest arguments against the idea of an enchroaching desert.
6.3.2 The Guidimouni sediment record
The sediment core was taken in 2013 in order to reconstruct the recent landscape 
and vegetation history [69]. The lakes of the Guidimouni depression are shallow lakes 
or ponds, and they are not more than 2 m in depth. However, their surface varies much 
during the year. In drought periods, the lakes may dry out (see [83]). Thus, one has 
also to think on the risk of disturbance by wind and breaking waves and also of depo-
sition gaps caused by desiccation. A 70 cm-long tube could be enforced into the sedi-
ments of the western lake. The sediment record consists of silty or sandy gyttias with 
a variable content of organic matter. Four thin sections were made in the Mineralogy 
Department of Szeged University, Hungary. They should help to understand the 
sedimentation processes and also detect possible zones of reworked sediments.
At a first look, the sediments seem to be uniform or amorphous. However, at 
400× magnification, it was possible to discriminate into two mayor features, which 
are explained by Figure 16. Under a disturbed section of about 12 cm, the deposits 
are organised in fine – millimetric – layers, which are separated by algae/bacteria 
films, respectively, by their jellies. These are always densely coloured by Fe-oxides. 
The uppermost sediment is mixed and does not show a distinct structure, but it 
depicts the presence of diatoms. Thus, the sedimentation starts with an inwash/
inflow of sandy-silty material and alterated organic matter. On this layer, a film of 
algae/bacteria-jelly is formed indicating a eutrophic and energy-rich shallow water 
body. It fixes the sediment beneath. Small arrows indicate the positions of these 
films. However, the water-rich and unstable layers of the upper cm are exposed to 
wave action, slumping phenomena or other disturbances. So, they may be con-
torted, displaced or mixed again. The upper two columns of Figure 16 show these 
phenomena. The central part of the record (about 20–53 cm), however, is mainly 
made of sands or silt, but still separated by the algae layers. There is information that 
this part belongs to the drought period of the 1970/80s. During this time, the lakes 
became almost dry as reported by locals (Adamou, frdl. comm.). Anyway, a certain 
amount of water still must have persisted to allow the formation of the algae/bacte-
ria films. The lowest thin section depicts an in-wash of weathered middle and coarse 
sand and a dense organic rich gyttia, which again is divided by algae/bacteria layers. 
The general formation of bacteria/algae films will counteract the disturbance effects 
of waves in the shallow water. Considering these facts, a sampling with a distance 
less than 5 cm seemed not to be useful – out of the disturbance risk.
An important feature is the regular presence of charred material. It is made of grass 
coal-flitters consisting of cuticulae, leaves or parenchyma remains. Charcoal from 
wood seems to be very rare. These flitters are kept in the thin layers and are oriented 
along the algea-films. Thus, during the time of the deposition of the record, fire always 
was an important part of landscape dynamics. At present, the inhabitants regularly 
use fire to clear the dune area and the reeds in order to prepare their fields. So, it is 
likely to adopt this model also for the past. It is indicated by the regular presence of 
grass-coal flitters. Coarse ones will not have been transported over long distances.
6.3.3 Vegetation history of the last 100 years
The detection of the stabilising bacteria/algae films visible in the thin sections 
allowed exploiting the record for pollen analysis. The diagram (Figure 16) was 
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constructed on the base of all pollen but aquatics were excluded. The most of the 
arboreal and non-arboreal elements show only values of less than 1%. Thus, they 
are only represented for their presence in the diagram. The pollen diagram is char-
acterised by the elements of an open Sahelian savanna of the Acacia-Balanites-type. 
Dominant are grasses and aquatics (Typha, Cyperaceae). Cerealia are persistent.
The arrows point to the Casuarina- and Eucalyptus curves.
Three pollen zones could be discriminated on the base of the variation Typha-
Gramineae for the one and for the other on the base of the diversity of floristic 
elements:
PZ I. 65–40 cm: The aquatics have high values against the low values of grasses. 
Arboreal pollen shows a relatively high diversity including some Sudanian/Sahelian 
elements (Guiera, Khaya, Combretaceae).
PZ II. 40–23 cm: The part of the aquatics is reduced by rising values of grasses. 
The diversity of arboreal and non-arboreal elements is reduced too.
PZ III. 23–0 cm: There is a rise of the aquatics against reduced values of grasses. 
Trees and shrubs recover but do not reach to the diversity of PZ I.
6.3.4 Charcoal
The charcoal record, which mainly consists of grass coal, depicts the general 
presence of fire in the region as it is. It still today comprises flaming of the reeds 
in order to get place for new fields and also slash and burn on the dune slopes. The 
sharp rise in PZ III represents an accelerated burning for new fields after the end of 
the drought period.
6.4 Time frame
The nature of the sediments will not allow a radiocarbon dating. However, the 
presence of Eucalyptus and Casuarina (see the arrows in the diagram) shows that 
the sequence is not older than the beginning of the twentieth century. The colonial 
authorities of Nigeria planted both tree species as ornamental or afforestation ele-
ments as well as roadside-trees [84, 85]. Their pollen takes part in the long distance 
transport. Thus, in combination with sediment modes and the fact that PZ II is 
apparently contemporaneous to the desiccation of the lake during the drought of 
the 1970s up to the beginning of the 1980s, the base of the core might be deposited 
during the l920 years.
The only comparable record reaching to the present time is that of Oursi in 
Burkina Faso [86], which shows a similar open vegetation due to extensive agri-
culture and animal breeding. However, the record of grass coal stands unique also 
compared to the upper parts of the Manga lake records [87–89]. But tiese lakes did 
not provide suitable sediments to follow them up to the present. This record is the 
first to discriminate between the two main elements in the charred material (grasses 
and trees) – at least for the Sahel.
7.  Regeneration. A confusion of concepts, different observations and 
realitiy
The discussion about regeneration is controversial. There is the position of a 
definite or long-time degradation, which Miehe et al. [90] explain by a short time of 
resilience and then a declining to a lower ecological equilibrium. This corroborates 
the conclusion from the Guidimouni-record as presented above. Hahn and Kusserow 
[91] and Kusserow [92] report a severe degradation of the Sahel from remote sensing 
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over a long period and also report the algae crusts on silty/clayey sediments as indica-
tors/results of a definite decline of savannas. However, she states that sandy environ-
ments will much faster regenerate. Thus, it is necessary to differentiate between the 
types of environments and also to take the periods of observation into consideration.
7.1 The first steps of regeneration
An example is given by the investigations in the Guidimouni depression (see 
above). Field work and observations on the lake-cores structure revealed the 
general regeneration potential of soil surfaces on sandy and clayey sediments. The 
upper centimetres of the dune tops and their middle slopes expose fine layers of 
blown sand which are covered and fixed by bacteria/algae films together with their 
gelly formations (biofilms). These biocrusts are the first stages of reorganisation 
and they represent a general phenomenon in its bimodal feature: deposition of a 
mineral layer which is afterwards settled and covered by bacteria and algae. This 
represents a general phenomenon of soil surface organisation: that of film like OPS/
PSO (pellicular surface organisation) in the sense of Pomel [92], see also [93–95]. 
Thus, it is obvious that even under intensive exploitation, the tendency of regenera-
tion of vegetation and soil still exists.
The general mode of sandy crust formation is explained by Figure 18 (above). 
The upper series represent the regular repetition of coarse and fine sand layers 
mainly fixed by cohesion as it is the case for sand layers in the desert described above 
for the achabs. Anyhow, the normal development is that of biocrusts as represented 
in the middle series. The ever present spores of cyanobacteria and algae germ rapidly 
and create a biofilm of jellies and thus stabilise surfaces. The algae belong to the 
Nostoc- and Lyngbya-realm with a nodular and chain-formed appearence [91]. When 
covered by another sand layer the bacteria/algae will rapidly form another cover. 
Even though these crusts are fragile and may crack easily, they enable a further 
succession of grasses and herbs as a next step. Seeds may be blown in cracks and they 
may germ and exploit the nutrition reserves of the biocrusts. Finally, these crusts may 
be seen as functional types representing the early stages of soil development [96, 97].
On silty/clayey stones or sediments, the situation is different as Figure 15 
(below) may show. The surface of these fine grained rocks or shallow soils are 
often covered by thick cyanobacteria/algae layers which may reach to several mm 
thickness (cf. [91]). They are coherent and impede an implantation of seeds. When 
covered by dust or fine sand, they easily reform. Finally, their smooth surface is 
water repellent and for longer periods, they may be an obstacle to a colonisation of 
grasses or herbs – not to speak about trees.
Figure 18. 
The first steps of regeneration and biocrusts in sandy (above) and clayey (below) sediments (from [69], 
modified).
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In contrast to them, the rapid regeneration mode of the cyanobacteria/algae crusts 
on sandy soils is successfully exploited in the dune rehabilitation of Northern China 
[98, 99]. The crusts are collected, crushed and afterwards sprayed over loose sand 
surfaces or dunes, which gives a good example of working with natural succession.
7.2 Regeneration in the landscape scale
If one regards the philosophy, performance and success of the various projects 
which are active or planned in the Sahel, we have to differentiate between the large 
scale technical ones and those, which are adapted to the conditions of the population.
7.2.1 Gourma – guide – great green wall. The limits of regeneration
Among the large-scale projects, we have the extended dune fixation by fencing 
and tree plantation [102] or the transcontinental ‘Great Green Wall’ [17, 18] still based 
on the idea of an extending desert (see Figures 8, 19, 20). The second type is the 
creation of large natural reserves or national parks in the Sahara and the Sahel. They 
are initiated or proposed for auto-regeneration of vegetation and wildlife – following 
mostly the WWF-philosophy see [14, 16]. Very often their aim is to protect emblem-
atic animals, which are supposed to act as key stone organisms (see for both Figure 1).
The opposite is the creation of pasture-rotation systems to exploit the limited 
resources but also guarantee their regeneration. Finally, they are the counterparts of 
the old shifting/fallow cultivation, which by now in the Sahel is only rarely carried 
out. Several examples will illustrate these projects.
7.2.2 The rotation pasture system ‘Gourma’
The northern part of the Gourma region (Mali) from the Niger-bow to the 
mountains of Hombori (17°-15°N) is a perfect example of Middle and Northern 
Figure 19. 
The pasture-rotation system of Gourma/Mali during the 1970s and 1980s and the long time observation project 
of regeneration up to 2017. Graphs on regeneration without scale [8, 100]. Drawing Schulz.
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Sahel-savannas. They range from a Combretaceae-savanna of tiger bush in the South 
to the Acacia-Commiphora-Balanites-savannas of the North. East of Tombouctou 
there even existed a real Acacia-forest, which was formerlyx exploited for the steam 
boat lines to Bamako [103–105]. The savannas represented for long time a rich pas-
ture, which could not be exploited [100] as only a few wells or water points existed. 
Thus, human impact was restricted to the river-banks and the northern savannas, 
where the cattle keepers had constructed a series of hafirs (rain fed pools). The other 
regions were the oxbows of river Niger in the West and the agriculture areas near the 
mountains in the South. Instead there was an intensive elephant pasture creatred by 
the greatest herds of West Africa [106]. Probably, these savannas may be regarded as 
the gullivers of elephant impact [107], giving a good example for the reports of the 
voyagers of the nineteenth century (see above). Only a few wells were constructed 
in the first half of the twentieth century. But the aureoles of overgrazing developed 
rapidly around them. With the drought of the 1960s, the Sahel started to degrade. 
However, in the Gourma, it went differently. Together with the local cattle keepers 
and authorities, the geologist R. Reichelt from CILSS developed a rotation system of 
new wells and pasture. It was based on the opening and closing of wells depending on 
the state of the pastures around, which were regularly controlled. When degradation 
started, the wells were closed and the cattle keepers were obliged to proceed to other 
wells and pastures. This system worked from the end of the 1960s on and revented 
the desertification phenomena, which had hit the regions around. But in 1984 – at 
the peak of the drought, a great number of cattle keepers from then North of Niger 
River invaded the region. They were not familiar with the rotation system and did not 
respect it. After severe quarrels of the herders, the rotation system collapsed.
Anyway, for long years, it represented a sustainable pasture system, which saved 
the Gourma region from the desertification as it occured in the regions around. It 
is one of the curiosities in science that these experiences were completely forgot-
ten and were not taken into account in the whole discussion on desertification and 
regeneration management.
From about 1984, a long time observation project (see Figure 19B) was installed 
in the same region. Its goal was to follow the degradation-regeneration processes 
under various conditions and exploitations [8]. It was a multidisciplinary proj-
ect mainly based on field observation and remote sensing. It could evaluate the 
regeneration chances of the different savanna systems and it well demonstrated 
that regeneration started early on sandy substrates both for herbs and trees, but on 
clayey sediments degradation continued even after protection. Here, the regenera-
tion started only after a long period, which corroborated the experiences from other 
regions (see above). But the general insecurity of the regions forced the colleagues 
to abandon the project in 2014 [4].
Figure 20. 
The pasture rotation project ‘Guide’ in the Central Air Mts. [43, 101]. (A) The Wadi vegetation in the 
innerpart of the ring structure. (B) The regeneration of trees and shrubs after the second year of closure. See 
also the dense herb cover under the Acacia-umbrellas. Drawing Schulz.
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7.2.3 The pasture rotation project ‘Guide’ in the central Air Mts
The extreme degradation of herb and tree pastures in the Air Mts. on the one 
hand and the octroyance of the Reserve Naturelle de l’Air et Ténéré (see Figure 6, 
[101, 108]) with the exclusion of the herders from traditional pasture areas on 
the other initiated the planning of a new regeneration concept together with 
the local authorities of the Timia village in the central Air Mts. [108]. Figure 8 
explains the general situation. It shows the two granite ring structures of Agalak 
and Aroyan and the upper part of the Wadi Anou Mekkerene, one of the greatest 
of the Air Mts. And it also depicts the altitudinal change in the Air Mts. from the 
mountain savannas to the middle stretches of the wadi Anou Mekkerene heading 
to the West.
Within 4 or 5 years, a rotation system, which functioned on the closure of 
pastures for several years, aimed to assure the regeneration of grasses, herbs and 
trees. At the same time, a sustainable exploitation system of the pastures should 
impede a new degeneration by overgrazing or other forms of over-exploitation. 
The first of these closures was the mountain pasture ‘Guide’ southeast of Timia 
(see Figures 6, 8). It is situated in the Aroyan-granite ring structure, which could 
easily be closed in 1986 for 4 years. This area showed the typical transitions from 
the contracted desert vegetation to the mountain savannas of the Sahelian type. 
The soil cover of vegetation did not exceed 10% but could rise to 70% under the 
umbrella of Acacias. The first years showed an enormous growth rate of trees as 
well for the seedlings-saplings as for branches and twigs −30 cm – for Acacia and 
Maerua. Apparently, trees could profit from the good rainy season and from the 
reduced concurrence of herbs, which suffered from the preceding drought. In 
1990, a first two-days-opening was organised for fruit collection and grass cut-
ting. The enclosure was mapped for vegetation, a floristic inventory was organised 
and also some demilunes/half moon sand accumulations and stone lines were 
constructed in order to collect rain water [101, 109]. Within 4 years, the develop-
ment of tree and grass pastures was as astonishing high, and also people from other 
villages had planned to initiate comparable systems. After the controlled opening 
in 1991, a second pasture was closed for regeneration. For the long run, the village 
council discussed the models of an interdiction of pastures but with controlled 
collection of grass and fruits or controlled pasture. In the mountain savannas, the 
protection and controlled collection of medicinal herbs was an attractive point too. 
Anyway, a permanent following up of vegetation development was planned for the 
future. The Guide-project evidenced the chances of local and accepted regenera-
tion initiatives and it could have been a model for other regions. Unfortunately, as 
for the Gourma project, the rebellion and the successive insecurity put a premature 
end to this success.
7.2.4 Think big! Bridging Sahara and West Africa
7.2.4.1 National parks or natural reserves
The creation of extended reserve areas or national parks have been generated by 
the ideas of an auto-regeneration through excluding further human exploitation or 
through the protection of emblematic animals as key stone organisms.
For the Sahara, the three National parks or natural reserves of Air-Ténéré (see 
Figures 1, 6), Termit-Tin- Toumma and Wadi Rime-Wadi Achmed in Niger and 
Chad should protect huge ecosystems and also support regeneration of vegetation 
and wildlife (see Figure 1). These are the greatest protection areas in the Sahara 
and in Africa as a whole and were supposed bridge the areas of endangered key 
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stone animals [15, 16, 110]. Moreover, there was already a survey on the chances to 
establish a system of monetary exploitation of ecosystem services [111]. However, 
these initiatives often disturbed the traditional pasture systems, and due to the 
insufficient involvement of the local populations, it led to various problems and 
frictions. Anyhow, the sense of these protections and reserve areas was not really 
communicated to and accepted by the concerned populations. Thus in the 1990s, 
with the beginning of the rebellions in Mali, Niger and Chad, these projects were 
no longer accepted by and the state could no longer maintain them. Today, most of 
them gained a status of ‘being endangered’ or ‘in suspense’ [112]. At present, the 
natural reserve Air-Ténéré continues in a certain cooperation with the local popula-
tion in order to manage resources [113].
7.2.4.2 The ‘Great Green Wall’
This is the continental flagship of the protection-regeneration projects and 
follows still the philosophy of expanding ecosystems and the combat against them 
(see Figure 1). The project was created by the African Union in 2007 [17, 114] as a 
7800 km belt from Senegal to Djibouti. Fifteen kilometres wide, it should work as 
protection against wind and erosion. Afforestation should provide nutrients to the 
soil and also ameliorate pasture by foliage and shadow too. Finally, the tradition of 
agroforestry (parks see above) was taken as a model (see also [115]). Research on 
amelioration of soil and plant fertility is an important part such as investigation 
on the symbiosis of bacteria/fungi and acacias. Anyway, as for the other smaller 
or greater projects, this initiative came to an intermediate (?) end caused by the 
general insecurity in the concerned areas. But the research in the various institutes 
of the partner states continues in the hope to reactivate and readjust this flagship. 
However, it already serves for the governmental propaganda. The presidency of 
Niger claimed to have plated millions of trees in order to reduce soil erosion and to 
fix dunes [116].
7.3 ‘Small scale’ as a chance!?
Several projects and activities concentrate on the regeneration and amelioration 
of degraded soils in order to restore the soil cover and to assure food production 
[117, 118]. They are mostly organised on personal or village level and so they are 
participative. These activities have to be seen on the background of a general 
extensification of agriculture, parallel to the intensification, e.g., irrigation cultures 
at favoured places [119]. Most Sahelian farmers are still subsistence-oriented. 
This means that they mainly crop to nurture their families rather than to produce 
market products. The steadily increasing population with growth rates of about 3% 
Figure 21. 
Regeneration and food security measurements in Niger. (A) Tassa /Zai-cultivation on the Ader-plateau, 
Central Niger. (B) Reduced weeding in S-Niger. (C) Intensive irrigation for vegetable production at Niamey, 
Niger. Drawing Schulz.
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per annum leads either to an expansion of cropped surfaces to marginal land or – 
where the population density is already high – to decreasing cropland per family. 
Several examples illustrate these activities (see Figure 21).
7.3.1 The restoration on heavily degraded soils
The ‘tassa’ or ‘zai’ culture (Figure 21A) is an old cultivation system of degraded 
soils [120]. It is based on dug in holes, 10–40 cm in diameter and 10–25 cm in deep 
in a distance of about 1 m. These holes can store rain and run off and thus support 
the regeneration of spontaneous vegetation. They may be filled with leaves or 
compost in order to attract the termites.
Experiments showed the possibilities of 640 kg–800 kg/ha yields of millet. The 
dug in holes must be renovated each year. As the financial component is quite low 
and as it is based on personal or village activity, ‘Tassa’ is the most appropriate and 
widely accepted cultivation system.
7.3.2 The amelioration of crop planting by preservation or planting of trees
In the Haoussa region around Maradi in Niger, average farm size has reached 
meanwhile about 2 ha. For the simple reason of survival, intensification of cropping 
is mandatory.
However, a number of obstacles exist that hinder the application of innovations. 
Among these are traditions, low educational level, low investment capacity and the 
need for risk management. The latter aspect means that farmers are risk averse and 
are not – in contrast to the normal economical theory– yield or income maximisers. 
First of all, the family members need to survive.
So the question is: how does innovation needs to be alike to be acceptable for 
farmers. The answer is manyfold: the innovation needs to be simple, affordable, 
relying on local resources, risk reducing, functioning under multiple weather 
scenarios and it cannot contradict local customs. There are not many innova-
tions that fulfil these criteria, in particular if we want to address the ‘regreen-
ing’ of the Sahel. We can approach the ‘regreening’ from two angles. One is the 
re-establishment of ligneous vegetation, and the other is increasing the crop 
biomass production. At the first glance, these are contradictory objectives. Is this 
really so? In order to answer this question, we will discuss different options in 
the following.
7.3.2.1 Windbreaks (or agro-forestry in a more general sense)
Heavy convective storms are a regular phenomenon in the Sahel. They lead to 
erosion on open surfaces at the beginning of the rainy season and homogenisa-
tion of soil surface properties through redistribution of particulate matter [121, 
122]. The saltating sand grains damage the young seedlings and can lead to crop 
loss at an early vegetative state. Therefore, it is reasonable to think of windbreaks 
as a solution to the problem. A lot of research has been done in this respect [118, 
123]. However, we hardly see any adoption of this technology by farmers. What 
are the problems? It begins with legal problems. Planting a tree means to express 
a claim on property. This is delicate in societies were the land is distributed 
according to local traditions. Second, planting trees in a hedgerow means an 
investment that is hardly affordable for a single farmer. A third argument for 
rejection is the workload for making the trees survive after planting and for 
pruning in order to reduce competition with the neighbouring crop later. And the 
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competition for land, water, light and nutrients is the fourth argument to set this 
technology aside. In conclusion, hedgerows are a typical innovation typical for 
scientists and based on on-station results, thus neglecting the constraints of the 
rural populations.
Are there more simple and adoptable solutions? One is, i.e., called farmer- 
managed natural regeneration [124]. It uses the regeneration of ligneous species by 
re-sprouting from rootstocks. Already Wezel et al. [125] could show in the 1990s 
that the minimum yield of pearl millet increased with the number of small bushes 
in the field. This is achieved through the reduction of the negative wind erosion 
effects and the increase of the organic matter stock that is the major provider of 
the major limiting nutrient phosphorus. As side effect, fire wood is provided. In 
contrast to hedgerow planting, with this technology, the only input to be provided 
is low: i.e., only pruning. The disadvantage is that it is only possible in non-
mechanised agriculture. And, the woody species composition is hardly foreseeable. 
Studies in the Maradi area in Niger have shown that in densely populated areas, all 
still existing woody species are under use and that their distribution is depending 
on the distance to settlements (Figure 22).
Close to settlements, old Faidherbia albida trees dominated are protected, 
since they deliver high quality animal fodder and do not compete during the rainy 
season with the crop due to the leaf cover developing in the off-season. Farther 
away from the settlements, Piliostigma reticulata and Combretum glutinosum 
dominate are mainly used as fire wood resources. Also crops differ with distance 
to the settlements, cash crops like cowpea grown more closely to the settlements 
on the more fertile sites. Reasons are protection against theft and higher expected 
Figure 22. 
A survey on tree vegetation in the Faidherbia-park zones around a village in southern Niger. Dominance 
(>40% counts) of woody species >1 m crown diameter (white boxes) and number of woody species detected and 
their average height (number/heigth m) on transects with increasing distance to the village Warzou, central 
southern Niger (Jigawa, Jampali, Guezami-guezami and Gueza being local soil names indicating increasing 
clay content in this order). Survey and assembly by Herrmann 2017.
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yields due to nutrient concentration closer to the settlements. Another variable 
explaining crop diversity is soil conditions, Sorghum preferentially being cropped 
on the more loamy sites.
7.3.2.2 Partial weeding as wind erosion barrier and intermediate nutrient stock
If one wants to reduce wind and water erosion effects on cropping, the simple 
technique of partial weeding is an option (Figure 21B). Under Sahelian conditions, 
sowing and weeding are the most time-consuming agricultural actions. Labour 
shortage during these periods limits agricultural performance, since crop surfaces 
fall out of the scheme. Partial weeding, i.e., stripwise weeding in the sowing lines 
or circular weeding around the sowing pockets, reduces the workload for the first 
weeding by about 50%. The herbs and grasses left standing then act as a semi-natu-
ral erosion barrier. In addition, this vegetation component stores nutrients that were 
otherwise leached. In this way, the weeds can be used as an intermittent nutrient 
reservoir that can be managed, and nutrients are provided to the crop when needed 
by a timely second weeding.
7.3.3 Varieties
The Sahel is the genetic center for the major staple crop pearl millet that is mainly 
planted on the sandy sites. Many different land races exist that have been developed 
by local communities by mass selection over generations. These local communities 
have a quite determined idea about what a variety must provide with regard to pest 
and drought resistance, taste, and yield, just to name a few aspects. Independent 
development of so-called ‘improved varieties’ has repeatedly failed, simply due 
to the fact that breeders were not aware of the mandatory properties for different 
communities, and they did breeding on-station under conditions that are not com-
parable to the farm environment. Therefore, the future agricultural research needs 
to be more participatory and include the farmers perspective already at the state of 
objective definition. Then, higher biomass yielding varieties can be developed.
7.3.4 Seedballs
Under the Sahelian conditions, dry sowing before the rainy season is an option 
if fields are too far from the settlements, if the rainy season starts very later or for 
women, when they are not able to sow at the time due to the obligation to help her 
husbands on their fields first. However, dry sowing imposes the risk of seed loss 
through predation or early droughts. In order to assure a timely establishment of 
the pearl millet crop, the seedball technology was developed [126]. It uses local 
resources like sand, loam, seeds and a little bit of fertiliser (NPK or wood ash) to 
form small balls of about 2 cm diameter. Seedballs have shown to increase biomass 
and yield by about 30% under all kinds of conditions in sandy low fertility soils. 
The only constraint is the labour required for seedball production. However, this 
can be accomplished during the dry season when opportunity costs are low.
7.3.5 Microdosing
The sandy soils of the northern Sahel are characterised by a low chemical 
fertility, phosphoruns and nitrogen being the main limiting nutrients for cereal 
crops. The soils are so poor that even the smallest amounts of nutrient addition 
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can boost the yield. Based on this knowledge, micro-dosing as fertiliser strategy 
has been developed [127, 128]. Micro-dosing means a placed fertilisation (in 
contrast to broadcast application) into the sowing pocket at sowing or early in 
the season, where the nutrients are needed most. Only 2 kg of phosporus are 
able to double the yield on the poorest sites. Micro-dosing at sowing supports 
the early establishment of the plant. Once the crop is established and crop loss 
ha not to be expected, further fertilisation can be done without the risk of 
investment loss.
However, for the poorest farmers in remote areas, even market access to fertiliser 
is limited. They can rely on wood ash as local fertiliser, since cooking is done with 
firewood. Wood ash provides soluble phosphours, potassium, calcium and other 
micro-nutrients. It can be considered as a complex fertiliser, since it stems from 
plants. Consequently, it provides most nutrients needed by plants. two grams of 
wood ash placed into the sowing pocket but at little distance to pearl millet seeds 
has proven to be effective in increasing yield on poor sites. For legumes, this local 
fertiliser is applied shortly before flowering.
7.3.6 OGA
OGA is fermented human urine that is used as liquid fertiliser. It is an autoch-
thonous innovation developed by the farmer organisation Fuma Gaskiya in the 
Maradi area of Niger taking Asian practices as example. It mainly contains nitrogen 
and potassium as fertilising compounds and has shown to consistently increase 
pearl millet biomass and grain yield. It is a resource that is locally available for free. 
It is placed application makes it efficient in annihilating the nitrogen constraint 
of crop production. Combined with wood ash application (as source for soluble 
phosphorus), two local resources can be used to fight the notorious soil deficiency 
with respect to these nutrients. In addition, it is reported by farmers that the smell 
of OGA is effective to chase off harmful insects.
7.3.7 Biological insect control
The head miner became a major during the Sahelian droughts of the 1970s. 
Pesticide control is out of reach for subsistence farmers. In consequence, a bio-
logical control mechanism using the parasitoid wasp Habrobracon hebetor was 
developed. The parasitoid can potentially be produced locally. However, there is 
still no agro-enterprise that has taken up this innovation. Perhaps, production is too 
sophisticated and potential price levels or too high for application by subsistence 
farmers.
7.3.8 The diversification or the counter-season production
Food security shall be enlarged by intensified and irrigated vegetable produc-
tion. It constitutes by now a widely accepted activity, wherever the bases are given 
(Figure 21C). It ranges from the vegetable and fruit production in the vicinity of 
towns or to intensive onion production for export [83, 129]. It can be run on as 
personal activity or as a collective one.
Thus, these small-scale projects proved chances on the personal of village level 
to earn its own living and to build sustainable base for villages. They fulfil the 
demand for participativity and local decision on the projects. Moreover, they are 
less endangered by the overall insecurity and they may develop their systems by 
own experiences, and guaranteeing thus a long performance, independently from 
external pressures.
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7.4 Finally, the ‘Greening’
After all there is an augmentation in the plant cover. It is evident too in the south-
ern Sahara and the northern Sahel as well as in the Park region of the southern Sahel, 
from where it was taken by [130, 131] as a sign of a principal ‘regreening’. But there is 
still degradation of ecosystems parallel to that recovery in some regions [7, 12].
7.5 In the long run – future prospects
Finally, the green future of the Sahelian areas needs a landscape approach where 
the different stakeholders jointly act in a way it takes into account that the multiple 
angles of natural and socio-economic environment. Short-term action by decision 
makers who want to see short-term results and who are driven by the dogma of 
novelty – in particular in science – will not lead to a sound outcome. In contrast, the 
basics need to be understood, more participatory action is needed, and long-term 
development concepts need to be supported. Agriculture has to and is able to sup-
port the landscape productivity and thus ‘greening’. No sophisticated approaches are 
needed, but the insight that subsistence oriented agriculture needs innovations that 
are simple, affordable and based on local resources. In a long-term, a re-integration 
of crop and livestock production is inevitable to partly close the nutrient cycle.
The decade long experience of our colleagues from university of Abdou 
Moumouni university of Niamey [132, 133] came to the general conclusion on regen-
eration possibilities of degraded landscapes (see Figure 21). Damage and degradation 
of Acacia-albida-parks and Combretaceae-savannas in the Southeast of Niger (stages 
1 and 2) diminished the resources for the local population in such a dimension that 
an intervention was necessary. The classical stonewalls on the slopes alone provoked 
runnels climbing up the slope and aggravated the situation (stage 3). Thus, it was 
necessary to intervene at all points and for a long period in order to stop further linear 
erosion and to allow the auto-regeneration of vegetation and soil (stage 4). Especially 
on silty-clayey grounds, it will take time to collect sufficient organic material on the 
surface to allow an implantation of grasses and herbs as further stages of succession. 
Mulching, however, turned out to be successful to attract ants of termites to transport 
Figure 23. 
Experiences with the regeneration of an overexploited Faidherbia-park Southwest of Niamey [69, 132], 
modified.
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fines from the deeper parts of the sediments up to the surface (see also [134]). And 
finally, also follows the ideas of the different ‘Tassa’ initiatives (see above).
Supported by strong farmer organisations, farmers can make significant prog-
ress indepently from the national political situation. Agricultual research should 
not only focus on single management measures but also adopt a farming systems 
approach, where combined innovations are researched always under the paradigm 
of adoptability taking the farmers’ view into account [135, 136].
In the long-term, a part of the population needs to gain its living from activities 
outside agriculture. The pre-requisites to reach this goal are infrastructure and edu-
cation. The latter should begin in rural areas with agriculture becoming a regular 
subject in grammar schools (Figure 23).
8. Conclusion
Field observation revealed the clear partition of the Sahara in three main 
landscape types: The Semidesert, the Desert and the (Saharan) Savanna. Thus, the 
divide between desert and savanna occurs within the Saharan realm. Historical 
reports and sediment records reveal a stable southern boundary of the desert in the 
secular scale. Apparently, the boundaries of the desert are the rare climatic ones on 
the continent. Most savannas South of it are cultural landscapes – including ‘ele-
phantscapes’ – as preserved in the Gourma/Mali. The degradation-desertification 
of the last 80 years resulted in a decline to a lower ecological equilibrium. However, 
the first steps of regeneration are always visible. Their further development, 
however, depends largely on the type of environments and on human interference. 
Several projects and initiatives evidenced a principal chance of regeneration or at 
least preservation. They also showed that small scale projects have a better chance 
to be accepted and to be continued by the local population. Il became clear that any 
initiative must be based on the participation of the respective population and must 
be conceived for a long time. We still do not know how many years or decades the 
different ecosystems need to fully recover – or if they will remain on a lower level 
of ecological equilibrium. We should consider the whole discussion and the various 
activities that take place on the background of a rapidly increasing demography. 
And finally, the situation changed completely. The general insecurity for the civil 
population in the regions concerned stopped most initiatives or set them in a state 
of ‘suspense’ or ‘endangeredness’. As this situation exists already since more than a 
decade and as it will probably continue, one should accept the latter and adjust all 
kinds of plans and initiatives to it.
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